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Resuscitation at birth and cognition at 8 years of age: 
a cohort study
David E Odd, Glyn Lewis, Andrew Whitelaw, David Gunnell
Summary
Background Mild cerebral injury might cause subtle defects in cognitive function that are only detectable as the child 
grows older. Our aim was to determine whether infants receiving resuscitation after birth, but with no symptoms of 
encephalopathy, have reduced intelligence quotient (IQ) scores in childhood.
Methods Three groups of infants were selected from the Avon Longitudinal Study of Parents and Children: infants 
who were resuscitated at birth but were asymptomatic for encephalopathy and had no further neonatal care (n=815), 
those who were resuscitated and had neonatal care for symptoms of encephalopathy (n=58), and the reference group 
who were not resuscitated, were asymptomatic for encephalopathy, and had no further neonatal care (n=10 609). 
Cognitive function was assessed at a mean age of 8·6 years (SD 0·33); a low IQ score was deﬁ ned as less than 80. 
IQ scores were obtained for 5953 children with a shortened version of the Weschler intelligence scale for children 
(WISC-III), the remaining 5529 were non-responders. All children did not complete all parts of the test, and therefore 
multiplied IQ values comparable to the full-scale test were only available for 5887 children. Results were adjusted for 
clinical and social covariates. Chained equations were used to impute missing values of covariates.
Findings In the main analysis at 8 years of age (n=5887), increased risk of a low IQ score was recorded in both 
resuscitated infants asymptomatic for encephalopathy (odds ratio 1·65 [95% CI 1·13–2·43]) and those with symptoms 
of encephalopathy (6·22 [1·57–24·65]). However, the population of asymptomatic infants was larger than that of 
infants with encephalopathy, and therefore the population attributable risk fraction for an IQ score that might be 
attributable to the need for resuscitation at birth was 3·4% (95% CI 0·5–6·3) for asymptomatic infants and 1·2% 
(0·2–2·2) for those who developed encephalopathy.
Interpretation Infants who were resuscitated had increased risk of a low IQ score, even if they remained healthy 
during the neonatal period. Resuscitated infants asymptomatic for encephalopathy might result in a larger proportion 
of adults with low IQs than do those who develop neurological symptoms consistent with encephalopathy.
Funding Wellcome Trust.
Introduction
Mild degrees of hypoxia or other damaging processes 
during birth might cause impaired cognitive function in 
later life. The theory of a continuum of reproductive 
casualty1 suggests that although severe perinatal cerebral 
events cause death or obvious neurological deﬁ cit, mild 
events might cause subtle defects in cognitive function 
that are only detectable as the child grows older. Clinically 
important brain damage is widely believed to occur only 
if the hypoxic injury causes encephalopathy during the 
neonatal period,2,3 but evidence has been diﬃ  cult to 
obtain. Even in infants with encephalopathy, the proﬁ le 
of cognitive eﬀ ect is unclear. Since mild perinatal 
hypoxic events are more frequent than severe events, the 
long-term eﬀ ect on the population could be substantial.
We recently reported a reduced intelligence quotient 
(IQ) in men at about 18 years of age, who had a low Apgar 
score at birth but did not develop encephalopathy.4 
Previous small studies might not have had suﬃ  cient 
statistical power to detect such small diﬀ erences in IQ.5,6 
The Apgar score is commonly used to measure condition 
at birth, but the test is often criticised for being subjective 
and poorly reproducible.7 By contrast, the need for active 
resuscitation is a speciﬁ c sign of delayed onset of 
respiration and could therefore indicate recent cerebral 
injury, especially hypoxia–ischaemia. In animal models, 
substantial fetal hypoxia was followed by delayed onset of 
respiration after birth,8 although other causes of poor 
condition at birth are infection,9 pre-existing fetal 
disorders,10 and congenital anomalies.11,12
We aimed to investigate whether childhood IQ score is 
aﬀ ected by physiological compromise of a severity to 
warrant resuscitation during birth in infants who do or 
do not subsequently develop encephalopathy.
Methods
Patients
11 981 singleton infants, born at or after 36 weeks’ 
gestation at two major maternity units in the study area, 
and alive at 8 years of age (ﬁ gure), were selected from the 
Avon Longitudinal Study of Parents and Children 
(ALSPAC). The ALSPAC cohort consists of more than 
80% of children who were born in Bristol, UK, between 
April 1, 1991, and Dec 31, 1992, and contains data for 
14 688 infants. Data for cohort members and their 
families are regularly obtained from self-completed 
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questionnaires or half-day clinics, or are retrieved from 
routine medical or educational records.
499 infants were excluded from the study because 
resuscitation data were missing or they needed neonatal 
care but were not resuscitated or had no symptoms of 
encephalopathy (ﬁ gure). Three groups were deﬁ ned from 
the remaining 11 482 infants (ﬁ gure): those who were 
resuscitated but were asymptomatic for encephalopathy 
and had no further neonatal care (n=815), those who were 
resuscitated and needed neonatal care for symptoms of 
encephalopathy (n=58), and the reference group of 
healthy infants who were not resuscitated, were 
asymptomatic for encephalopathy, and had no further 
neonatal care (n=10 609). 
Ethical approval for the study was given by the ALSPAC 
law and ethics committee and the local research ethics 
committees. One parent of every child signed consent 
for enrolment of the child in to the ALSPAC study.
Procedures
Information about resuscitation and perinatal health was 
retrieved from computer records for 12 799 infants (87% of 
the cohort) born at two major maternity units. We deemed 
infants to have evidence of physiological compromise if 
they required either positive pressure respiratory support 
(face mask or endotrachael tube) or cardiac compressions 
at birth. Seizures, jitteriness, high-pitched cry, hypotonia 
or hypertonia, or hyper-reﬂ exia were regarded as symptoms 
of encephalopathy. Although disturbances of consciousness 
were not prospectively recorded, seizures and disturbances 
in tone are central features for clinical diagnosis of 
neonatal encephalo pathy.13
Cognitive function was assessed at a half-day clinic 
when study participants were a mean age of 8·6 years 
14 668 infants in the ALSPAC study
 2687 infants excluded
            266 multiple birth
              84 multiple birth, and gestation less than 36 weeks
              26 multiple birth, gestation less than 36 weeks,
                     and born outside of the two major maternity units
                 2 multiple birth, and born outside of the two major maternity units
               12 multiple birth, gestation lesss than 36 weeks, and died before 8 years  
                     of age
           386 gestation less than 36 weeks
           551 gestation less than 36 weeks, and born outside of the two major 
                   maternity units
                6 gestation less than 36 weeks, born outside of the two major 
                   maternity units, and died before 8 years of age
             26 gestation less than 36 weeks, and died before 8 years of age
        1274 born outside of the two major maternity units 
             10 born outside of the two major maternity units, and died before 
                   8 years of age
            44 died before 8 years of age
 
 11 482 children potentially available for the IQ test 
               at age 8 years
815 were resuscitated, but were 
        asymptomatic for encephalopathy, and 
        had no neonatal care
   58  were resuscitated and had neonatal care 
    for symptoms of encephalopathy
        10 609  were not resuscitated, were 
                        asymptomatic for encephalopathy, and 
                        had no neonatal care (reference group)
 11 981 singleton, term infants were born 
  in an eligible hospital, and were alive 
        at 8 years of age
 171 infants excluded because 
  resuscitation data were missing,
  preventing categorisation into
  exposure groups
 11 810 eligible infants with data about
  resuscitation at birth
 5529 children excluded because they had no IQ data
Verbal IQ: 5913 children†
Performance IQ: 5907 children†
Full-scale IQ: 5887 children†
 328 infants excluded because they needed neonatal 
          care but were not resuscitated or had no 
          symptoms of encephalopathy*
 5953 children with IQ data
 5398 had complete IQ data
 555 had partial IQ data
Figure: Study proﬁ le
*Infants excluded to ensure that the eﬀ ect of resuscitation and encephalopathy on IQ was not biased by other 
diseases. †Verbal, performance, and full-scale IQ did not always need full subtest data for calculation.
Panel: Verbal and performance subtests of the WISC-III 
(Weschler intelligence scale for children) and the number 
of children that completed each subtest
Verbal subtests
• Information: a measure of the child’s general knowledge 
and acquired facts (n=5937)
• Arithmetic: a measure of mental arithmetic and numerical 
accuracy (n=5927)
• Vocabulary: a measure of verbal ﬂ uency, word knowledge, 
and usage (n=5910)
• Comprehension: a measure of social knowledge and 
maturation (n=5879)
• Similarities: a measure of abstract, logical thinking, and 
reasoning (n=5939)
Performance subtests
• Picture completion: a measure of the ability to recognise 
familiar items (n=5919)
• Coding: a measure of visual-motor dexterity, memory, 
and non-verbal learning (n=5934)
• Picture arrangement: a measure of the ability to interpret 
a story sequence (n=5858)
• Block design: a measure of the ability to analyse and 
reproduce an abstract design (n=5900)
• Object assembly: a measure of the ability to reassemble an 
object from component parts (n=5582)
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(SD 0·33); IQ data was gathered from 5953 children. 
Parents and children were initially invited to attend by 
letter; if there was no response, another letter was followed 
by telephone or personal contact, and a ﬁ nal letter was 
sent after 3 months of no response. IQ was assessed with 
the most recent version of the Weschler intelligence scale 
for children at that time—WISC-III—which is divided 
into verbal and performance subtests (panel).14
The same shortened version of the test was administered 
to all children, but even though the test was shortened, the 
number of children that completed each question within 
the verbal and performance subtests diﬀ ered because 
children became tired, frustrated, or began to lose 
concentration after diﬀ erent time periods (panel). 
Alternate questions were asked for every subtest, except 
for the coding subtest, to shorten the test. Raw scores from 
every subtest were multiplied to predict scores comparable 
with the full version of the test. Tables from the WISC 
manual were used to calculate verbal, performance, and 
full-scale IQ scores. For consistency with our previous 
work,4 a low IQ score was deﬁ ned as less than 80.15
Potential confounders and modifying variables for the 
statistical analysis of the infants fell into perinatal and 
social categories. Perinatal factors were sex, parity, 
gestational age, birthweight, length and head circum-
ference, method of birth, maternal hypertension, and 
neonatal sepsis. Social factors were maternal age, 
socioeconomic group,16 education, and car ownership, 
and housing tenure, crowding index (number of house-
hold members per room), and ethnicity.
Statistical analysis
Primary analyses investigated the association between 
resuscitation and a low score in the summary IQ variables 
(verbal, performance, and full-scale IQ). We used logistic 
regression models, with an IQ score of less than 80 as the 
binary outcome, and linear regression models, with IQ 
score as a continuous variable. Secondary analyses with 
the ten verbal and performance subtests (Panel), and the 
verbal and performance IQ tests as outcomes were used 
to further investigate the association. To adjust for 
possible confounders, the perinatal and social modifying 
variables were added to the model, in blocks of common 
variables (eg, socioeconomic factors). We assessed 
whether maternal occupation, education, and sex 
modiﬁ ed the association of resuscitation status with 
cognition by ﬁ tting appropriate interaction terms to the 
model. Ordinal variables were tested for linearity and 
were included in the model as linear terms if appropriate. 
The population attributable risk factor was calculated 
from the ﬁ nal logistic regression model.17
Since all children did not complete all parts of the 
IQ test, each analysis contained a slightly diﬀ erent number 
of children (ﬁ gure): 5398 children had complete IQ data, 
555 had incomplete data, and 5529 had no data. Our main 
analyses used all available data. For example, 5887 children 
supplied full-scale IQ data but only 4857 children had 
complete data on all exposure (resuscitation status), 
outcome (IQ data), and confounder variables. To reduce 
selection bias, the chained equations missing data method 
was used to impute the missing confounder values only 
(exposure or outcome data was not imputed).18 We 
were therefore able to report analyses for the same number 
of children for both crude and adjusted analyses.
We did sensitivity analyses to investigate the eﬀ ect of 
these missing data by imputing all variables including the 
outcome but not exposure data (n=11 482) and by use of a 
complete case-only analysis (n=4857), which restricted the 
analysis to participants with complete data about all 
exposure, outcome, and confounder variables.
We did two further sensitivity analyses. First, excluding 
infants who developed cerebral palsy (n=13), and second 
with the cutpoint for a low IQ score of less than 70. This 
second cutpoint identiﬁ ed infants with IQ scores about 
2 SD from the mean and is regarded as exceptionally low.15 
We also derived the association between a low Apgar score 
(less than 7) at 1 and 5 min of age, and the risk of a low IQ 
Reference group Resuscitated infants p value*
Asymptomatic Symptoms of 
encephalopathy
Prepregnancy factors
Maternal age (years) (n=11 481) 28·08 (4·96) 27·87 (4·97) 27·84 (4·74) 0·499
Maternal socioeconomic group (n=9500)†
Professional 541 (6%) 40 (6%) 3 (6%) 0·191
Managerial 2766 (32%) 189 (28%) 9 (19%)
Skilled non-manual 3374 (38%) 286 (43%) 24 (50%)
Skilled manual 986 (11%) 78 (12%) 6 (13%)
Semi-skilled 913 (10%) 55 (8%) 6 (13%)
Unskilled 207 (2%) 17 (3%) 0
Mother’s highest educational qualiﬁ cation (n=10 258)†‡
CSE 1864 (20%) 157 (22%) 8 (15%) 0·026
Vocational 921 (10%) 69 (10%) 5 (9%)
O Level 3264 (34%) 282 (39%) 15 (28%)
A Level 2145 (23%) 146 (20%) 16 (30%)
Degree 1286 (14%) 71 (10%) 9 (17%)
Housing tenure (n=10 718)†
Mortgaged or owned 7347 (74%) 566 (74%) 45 (79%) 0·565
Council rented 1426 (14%) 100 (13%) 5 (9%)
Private rented 1127 (11%) 95 (13%) 7 (12%)
Car ownership (n=10 727)†
≥1 8873 (90%) 680 (90%) 52 (91%) 0·915
None 1037 (11%) 80 (11%) 5 (9%)
Crowding index (number of household members per room) (n=10 566)†
<0·5 4103 (42%) 354 (47%) 32 (57%) 0·009
0·5–0·75 4992 (51%) 341 (45%) 20 (36%)
0·75–1 469 (5%) 43 (6%) 4 (7%)
1+ 193 (2%) 15 (2%) 0
Ethnicity (n=11 255)†
Non-white 584 (6%) 42 (5%) 8 (14%) 0·021
White 9818 (94%) 754 (95%) 49 (86%)
(Continues on next page)
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score in asymptomatic infants. We chose not to use 
Bonferonni corrections to adjust our p values for the 
multiple statistical tests done, because the IQ scores were 
strongly intercorrelated or interdependent, and there fore 
such an approach would be overly con servative. All ana-
lyses used Stata (version 9), and a two-tailed p value of less 
than 0·05 was regarded as statisti cally signiﬁ cant. 
Role of the funding source
The funding organisation did not participate in study 
design, data collection, data analysis, data interpretation, 
writing of the report, or the decision to submit the paper 
for publication. The corresponding author had full access 
to all the data in the study and had ﬁ nal responsibility for 
the decision to submit for publication.
Results
Characteristics of 11 482 eligible infants (table 1) showed 
no substantial diﬀ erence in socioeconomic group or 
maternal age between resuscitated and non-resuscitated 
infants. Mothers with infants who were resuscitated and 
were asymptomatic for encephalopathy were the least 
educated, followed by those in the reference group. First 
pregnancy and maternal hypertension were more 
common in resuscitated infants with encephalopathy 
than asymptomatic infants or the reference group. 
Maternal pyrexia during labour and caesarean section 
was more common in both resuscitated groups than in 
the reference group. Head circumference was slightly 
increased and both birthweight and the Apgar score were 
slightly decreased in resuscitated infants. Table 2 shows 
Apgar and resuscitation status in the three groups. A 
higher proportion of infants who were resuscitated and 
developed symptoms of encephalopathy went on develop 
cerebral palsy than was seen in the asymptomatic and 
reference groups (table 1).
To assess selection bias, we compared the charac-
teristics of the 5529 infants who had no IQ data with the 
5953 infants who were included in the main analyses. 
Infants who had no IQ data were more likely than were 
those with at least some IQ data to have needed 
resuscitation, but the association was not signiﬁ cant 
(8·5% vs 7·6%, p=0·069). These infants had identical 
median Apgar scores at 1 min (9 [IQR 8–9] vs 9 [8–9]; 
p=0·70) and 5 min (10 [9–10] vs 10 [9–10]; p=0·31) after 
birth.
The mean IQ scores (table 3) showed a strong 
association of the performance IQ and full-scale IQ, and 
a non-signiﬁ cant association of the verbal IQ, with the 
condition of the infant at birth. Of the infants with low 
IQ scores (table 4), performance IQ and full-scale IQ 
were associated with resuscitation status, but verbal IQ 
was non-signiﬁ cantly associated.
In the ﬁ nal logistic regression model (table 5) the need 
for resuscitation in asymptomatic infants was associated 
with a low full-scale IQ score, although there was little 
evidence for a speciﬁ c association with either a low verbal 
or performance IQ separately. Infants who developed 
encephalopathy after resuscitation had an increased risk 
of a low performance and full-scale IQ, although the 
association with verbal IQ was not signiﬁ cant. The 
absolute risk of a low IQ score was 6·5% for reference 
group infants, 9·8% (risk diﬀ erence 3·3% [95% CI 
0·3–6·2]) for asymptomatic resuscitated infants, and 
23·1% (risk diﬀ erence 16·6% [0·4–32·8]) for resuscitated 
infants with encephalopathy.
The population attributable risk fraction was used to 
assess the eﬀ ect of resuscitation status on IQ score. The 
proportion of individuals with low IQ scores that might 
Reference group Resuscitated infants p value*
Asymptomatic Symptoms of 
encephalopathy
(Continued from previous page)
Antenatal and intrapartum factors†
Primiparous (n=11 482) 4338 (41%) 421 (52%) 36 (62%) <0·0001
Maternal hypertension (n=11 482) 301 (3%) 36 (4%) 4 (7%) 0·008
Maternal pyrexia (n=11 482) 45 (0·4%) 9 (1%) 3 (5%) <0·0001
Method of birth (n=11 481)
Spontaneous cephalic 8370 (79%) 429 (53%) 19 (33%) <0·0001
Emergency caesarean section 465 (4%) 156 (19%) 22 (38%)
Elective caesarian section 415 (4%) 39 (5%) 6 (10%)
Instrumental 1276 (12%) 138 (17%) 8 (14%)
Breech 83 (1%) 52 (6%) 3 (5%)
Infants and post-partum factors
Male (n=11 482)† 5401 (51%) 426 (52%) 35 (60%) 0·276
Gestation (weeks) (n=11 482) 39·7 (1·4) 39·8 (1·5) 39·5 (1·7) 0·025
Birthweight (g) (n=11 482) 3459 (472) 3443 (524) 3227 (721) 0·0007
Birth length (cm) (n=10 457) 50·9 (2·4) 51·0 (2·5) 51·0 (2·4) 0·490
Head circumference (cm) 
(n=10 579)
34·8 (1·4) 35·0 (1·4) 35·1 (1·6) 0·004
Apgar score at 1 min (n=11 482) 9 (9–9) 5 (4–6) 4 (3–5) <0·0001
Apgar score at 5 min (n=11 470) 10 (9–10) 9 (8–9) 7 (6–9) <0·0001
Developed cerebral palsy 
(n=11 482)†
8 (<1%) 2 (<1%) 3 (5%) <0·0001
Data are mean (SD) for normally distributed continuous variables, median (IQR) for skewed continuous variables, or 
number of infants (%). Data are complete for only some covariates and therefore the denominator varies for diﬀ erent 
factors. *p values compare all three groups. †The percentages shown are based on the numbers in the individual 
groups rather than the whole group. ‡CSE=assessment at age 15–16 years; O Level=assessment at age 15–16 years; 
A Level=assessment at age 17–18 years.
Table 1: Characteristics of resuscitated infants, with or without symptoms of encephalopathy
Not resuscitated Resuscitated Total
Apgar score 1 min (n=11 482)
<7 373 (3%) 675 (6%) 1048 (9%)
7–10 10 236 (89%) 198 (2%) 10 434 (91%)
Apgar score 5 min (n=11 470)
<7 3 (<1%) 84 (1%) 87 (1%)
7–10 10 596 (92%) 787 (7%) 11 383 (99%)
Data are number of infants (% of the whole group).
Table 2: Comparison between Apgar score and resuscitation status
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be attributable to the need for resuscitation at birth was 
3·4% (95% CI 0·5–6·3) for asymptomatic infants and 
1·2% (0·2–2·2) for those who developed symptoms of 
encephalopathy. For both the linear and logistic regression 
models, adjustment for confounding factors did not 
appreciably modify the associations between resuscitation 
and IQ scores. There was little evidence that the 
association between resuscitation status and IQ diﬀ ered 
by sex (pinteraction=0·33), maternal education (pinteraction=0·65), 
or maternal socioeconomic group (pinteraction=0·72).
In the fully adjusted linear-regression analysis (table 6) 
the mean verbal, performance, and full-scale IQ scores 
were lower, but not signiﬁ cantly so, in asymptomatic 
resuscitated infants than were those in the reference 
group. Conversely, verbal, performance, and full-scale IQ 
scores were all signiﬁ cantly lower in infants who 
developed encephalopathy after resuscita tion than in the 
reference group. In the IQ subtests, asymptomatic 
resuscitated infants had lower similarities scores than did 
the reference group. Resuscitated infants who developed 
encephalopathy had decreased vocabulary, comprehension, 
and object assembly scores, and there was non-signiﬁ cant 
evidence of reduced information and coding scores.
Complete case analysis of only infants with complete 
data (n=4857) showed strengthened, but less precise, 
associations between resuscitation status and a low IQ 
score from odds ratios: asymptomatic infants 1·78 
(95% CI 1·16–2·72), p=0·008; infants with encephalo-
pathy 11·36 (2·65–48·80), p=0·001. Repeat of the analysis 
with imputation of covariates and IQ data (n=11 482) 
showed some evidence of an association: asymptomatic 
infants 1·44 (1·03–2·02), p=0·033; infants with encephalo-
pathy 3·59 (1·01–12·82), p=0·049. Full results from these 
other models are available from the authors on request.
In further sensitivity analyses, we repeated the analysis 
with the low IQ score cutpoint of 70, which provided 
results consistent with the main analysis, although, 
reduction in the absolute number of infants with low 
scores resulted in widened conﬁ dence intervals: 
asymptomatic infants 1·91 (0·97–3·75), p=0·060; infants 
with encephalopathy 8·22 (0·94–72·04), p=0·057. The 
analysis was also repeated with exclusion of infants who 
developed cerebral palsy and showed little eﬀ ect on the 
association between resuscitation and low IQ score for 
asymptomatic infants (1·64 [1·12–2·40], p=0·012), but 
the association for infants with encephalopathy was not 
signiﬁ cant (3·69 [0·73–18·52], p=0·113). The proﬁ le of 
cognitive changes remained similar (data not shown). 
With an Apgar score of less than 7, the association 
between resuscitation and low IQ score for asymptomatic 
infants at 5 min of age was 1·34 (0·42–4·27), p=0·662.
Discussion
The proﬁ le of infant characteristics suggested that 
associations between resuscitation status and perinatal 
or social factors were consistent with the ﬁ ndings of 
previous studies.11,12 Resuscitation was associated with 
non-white ethnicity and poor maternal education. 
Infants with reduced birthweight, from primiparous 
mothers, or born by caesarean section or instrumental 
delivery also had increased risk of needing resuscitation 
at birth. We showed an association between resuscitation 
at birth and cognitive functioning at 8 years of age. 
Infants who needed resuscitation, even if they did not 
develop symptoms of encephalopathy in the neonatal 
period, had a substantially increased risk of a low 
full-scale IQ score. Infants who developed signs of 
encephalopathy after resuscitation showed about a 
ﬁ ve-times increase in low performance and full-scale IQ 
scores compared with the reference group.
Reference group* Resuscitated infants p value†
Asymptomatic 
(n=400)
Symptoms of 
encephalopathy (n=26)
Low verbal IQ (n=5913) 253 (5%) 26 (7%) 2 (8%) 0·179
Low performance IQ (n=5907) 707 (13%) 52 (13%) 11 (42%) 0·0001
Low full-scale IQ (n=5887) 354 (7%) 39 (10%) 6 (23%) 0·0004
Data are number of infants (%). The percentages shown are based on the numbers in the individual groups rather than 
the whole group. *Verbal IQ n=5487; performance IQ n=5481; full-scale IQ n=5461. †p values compare all three groups. 
Table 4: Proportion of low verbal, performance, and full-scale IQ scores for resuscitated infants, with or 
without symptoms of encephalopathy
Unadjusted odds 
ratio
p value Adjusted odds 
ratio*
p value
Verbal IQ (n=5913)
Reference group 1·00 1·00
Asymptomatic resuscitated infants 1·44 (0·95–2·18) 0·088 1·42 (0·90–2·25) 0·144
Resuscitated infants with encephalopathy 1·72 (0·40–7·35) 0·461 2·01 (0·23–17·18) 0·538
Performance IQ (n=5907)
Reference group 1·00 1·00
Asymptomatic resuscitated infants 1·01 (0·75–1·37) 0·954 1·03 (0.75–1.42) 0·860
Resuscitated infants with encephalopathy 4·95 (2·26–10·83) <0·0001 4·62 (1.48–14.40) 0·008
Full-scale IQ (n=5887)
Reference group 1·00 1·00
Asymptomatic resuscitated infants 1·56 (1·10–2·21) 0·012 1·65 (1·13–2·43) 0·010
Resuscitated infants with encephalopathy 4·33 (1·73–10·86) 0·002 6·22 (1·57–24·65) 0·009
Data are odds ratio (95% CI). *Adjusted for sex, neonatal sepsis, parity, gestational age, birthweight, length and head 
circumference, method of birth, ethnicity, housing tenure, crowding index, and maternal hypertension, education, 
socioeconomic group, car ownership, and age.
Table 5: Probability of low IQ score for resuscitated infants, with or without symptoms of 
encephalopathy
Reference group* Resuscitated infants p value†
Asymptomatic 
(n=400)
Symptoms of 
encephalopathy (n=26)
Verbal IQ (n=5913) 107·6 (16·6) 106·4 (17·3) 101·0 (18·9) 0·06
Performance IQ (n=5907) 100·0 (16·9) 99·7 (17·3) 88·1 (20·6) 0·002
Full-scale IQ (n=5887) 104·6 (16·3) 103·8 (17·1) 94·5 (19·9) 0·005
Data are mean (SD). *Verbal IQ n=5487; performance IQ n=5481; full-scale IQ n=5461. †p values compare all three groups.
Table 3: Mean verbal, performance, and full-scale IQ scores for resuscitated infants, with or without 
symptoms of encephalopathy
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The data suggest that mild perinatal physiological 
compromise might be suﬃ  cient to cause subtle 
neuronal or synaptic damage, and thereby aﬀ ect 
cognition in childhood and potentially in adulthood. By 
comparison, substan tial perinatal compromise presents 
with neonatal encephalopathy and large cognitive 
deﬁ cits. The study had restricted power to detect 
diﬀ erences in individual IQ subtests, and deﬁ cits in 
cognitive function are likely to present with reduced 
scores in several overlapping tests. Consequently 
interpretation of the subtests in isolation should be 
done with caution. Myers’8 studies of animal models 
Unadjusted mean diﬀ erence p value Adjusted mean diﬀ erence* p value
Verbal subtests
Information (n=5937)
Asymptomatic resuscitated infants –0·02 (–0·34 to 0·30) 0·891 –0·11 (–0·42 to 0·20) 0·480
Resuscitated infants with encephalopathy –0·65 (–1·86 to 0·56) 0·295 –1·43 (–2·93 to 0·06) 0·061
Arithmetic (n=5927)
Asymptomatic resuscitated infants –0·15 (–0·57 to 0·26) 0·470 –0·09 (–0·51 to 0·34) 0·689
Resuscitated infants with encephalopathy –0·68 (–2·27 to 0·91) 0·402 –0·61 (–2·65 to 1·44) 0·562
Vocabulary (n=5910)
Asymptomatic resuscitated infants 0·05 (–0·40 to 0·49) 0·843 –0·01 (–0·44 to 0·42) 0·962
Resuscitated infants with encephalopathy –1·58 (–3·27 to 0·12) 0·068 –2·53 (–4·61 to –0·44) 0·018
Comprehension (n=5879)
Asymptomatic resuscitated infants –0·36 (–0·73 to 0·02) 0·065 –0·24 (–0·63 to 0·15) 0·235
Resuscitated infants with encephalopathy –2·62 (–4·05 to –1·19) 0·0003 –2·28 (–4·16 to –0·39) 0·018
Similarities (n=5939)
Asymptomatic resuscitated infants –0·49 (–0·89 to –0·08) 0·018 –0·52 (–0·92 to –0·12) 0·010
Resuscitated infants with encephalopathy 0·00 (–1·53 to 1·53) 0·997 –0·82 (–2·75 to 1·11) 0·406
Performance subtests
Picture completion (n=5919)
Asymptomatic resuscitated infants –0·04 (–0·42 to 0·33) 0·829 –0·06 (–0·44 to 0·33) 0·769
Resuscitated infants with encephalopathy –1·83 (–3·25 to –0·41) 0·011 –1·25 (–3·10 to 0·61) 0·189
Coding (n=5934)
Asymptomatic resuscitated infants –0·05 (–0·35 to 0·26) 0·769 0·01 (–0·32 to 0·30) 0·959
Resuscitated infants with encephalopathy –1·13 (–2·29 to 0·03) 0·057 –1·46 (–2·95 to 0·03) 0·054
Picture arrangement (n=5858)
Asymptomatic resuscitated infants –0·11 (–0·60 to 0·37) 0·644 –0·28 (–0·79 to 0·22) 0·274
Resuscitated infants with encephalopathy –1·11 (–2·95 to 0·72) 0·234 –1·70 (–4·13 to 0·73) 0·169
Block design (n=5900)
Asymptomatic resuscitated infants –0·04 (–0·42 to 0·35) 0·853 –0·07 (–0·46 to 0·32) 0·710
Resuscitated infants with encephalopathy –1·67 (–3·16 to –0·18) 0·028 –0·54 (–2·42 to 1·34) 0·576
Object assembly (n=5582)
Asymptomatic resuscitated infants 0·00 (–0·39 to 0·39) 0·995 0·04 (–0·37 to 0·44) 0·847
Resuscitated infants with encephalopathy –3·33 (–4·85 to –1·81) <0·0001 –3·13 (–5·19 to –1·07) 0·003
Summary scores
Verbal IQ (n=5913)
Asymptomatic resuscitated infants –1·17 (–2·86 to 0·53) 0·178 –1·18 (–2·79 to 0·43) 0·152
Resuscitated infants with encephalopathy –6·56 (–13·00 to –0·12) 0·046 –9·15 (–16·95 to –1·35) 0·022
Performance IQ (n=5907)
Asymptomatic resuscitated infants –0·33 (–2·05 to 1·40) 0·710 –0·52 (–2·25 to 1·20) 0·553
Resuscitated infants with encephalopathy –11·87 (–18·42 to –5·33) 0·0004 –9·99 (–18·35 to –1·64) 0·019
Full-scale IQ (n=5887)
Asymptomatic resuscitated infants –0·88 (–2·55 to 0·79) 0·301 –0·99 (–2·58 to 0·60) 0·220
Resuscitated infants with encephalopathy –10·09 (–16·42 to –3·77) 0·002 –10·64 (–18·32 to –2·97) 0·007
Data are mean diﬀ erence in IQ scores (95% CI). *Adjusted for sex, neonatal sepsis, parity, gestational age, birthweight, length and head circumference, method of birth, 
ethnicity, housing tenure, crowding index, and maternal hypertension, education, socioeconomic group, car ownership, and age.
Table 6: Diﬀ erence in mean Weschler intelligence scale for children (WISC-III) scores for resuscitated infants, with or without symptoms of 
encephalopathy, compared with the reference group
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suggest that prolonged hypoxia might aﬀ ect vascular 
watershed areas (between two major cerebral arteries) 
of the brain—namely, the frontal, parietal, and occipital 
cortex—whereas acute anoxic events might preferentially 
aﬀ ect deeper structures—eg, the basal ganglia and 
brain stem. The results of this study are consistent with 
prolonged partial hypoxia.
Kaufman19 reports that resuscitated infants have 
reduced scores in vocabulary and comprehension tests, 
speciﬁ cally single-word comprehension and logical 
abstract thinking, which are measures of verbal 
conceptualisation ability. These functions have been 
localised to the prefrontal cortex,20,21 and therefore reduced 
function is consistent with a watershed injury to the 
brain in both groups of infants in our study. By contrast, 
infants with severe physiological compromise in our 
study also had substantially reduced scores for 
visual-perceptual abilities and spatial skills, which could 
indicate injury to deeper structures such as the 
thalamus.22
Resuscitation was strongly associated with an increased 
risk of a low IQ score, but the association with the mean 
reduction in IQ was not signiﬁ cant, which could be a 
chance ﬁ nding. However, this result could also be a 
biologically plausible outcome from physiological 
compromise at birth—eg, only a subgroup of infants 
would have experienced suﬃ  cient compromise to 
damage the relevant brain regions and impair cognitive 
performance. The fact that the neonatal brain can repair 
itself also suggests that many neonates would not show 
deﬁ cits in cognitive function during childhood and 
adulthood unless the injury at birth was suﬃ  ciently 
severe. Our results did show a small reduction in the 
mean IQ score in the asymptomatic group, which is 
consistent with the ﬁ ndings in our previous study.4
ALSPAC is a large cohort of a population broadly 
representative of those living in the rest of the UK,23,24 but 
we had restricted statistical power to detect robust 
associations in infants with probable hypoxic–ischaemic 
encephalopathy since the condition is rare (0·5%), and 
consequently the conﬁ dence intervals were wide. The 
proportion of infants who received resuscitation in this 
cohort is consistent with published work, in which the 
rate varies between 1%25 and 14%.26 This variation might 
be caused by the clinician’s subjective decision to 
resuscitate, despite clear guidelines,27 which will result in 
some error of measurement. Since 5529 (48%) of the 
eligible infants did not attend the IQ testing session, a 
missing data method was used to investigate potential 
selection bias. We repeated the analysis with the fully 
imputed data (n=11 482) and complete-case only (n=4857) 
analyses to assess the eﬀ ect of missing data and reached 
similar conclusions. Some infants who had neonatal 
encephalopathy might not have been correctly identiﬁ ed, 
either because of absence of resuscitation details, or by 
having unreported symptoms of encephalopathy. 
Whether this absence of data could cause important 
selection bias is unclear, but repetition of the analysis 
with all infants admitted for neonatal care after 
resuscitation showed similar results.
Our ﬁ ndings could also be explained by prenatal 
disorders causing poor birth condition and predisposition 
to cognitive dysfunction in later life. We were able to 
control for several common prenatal disorders (eg, 
sepsis, prematurity); we could not control for rare 
abnormalities (eg, neuromuscular disorders), but they 
are less likely to aﬀ ect the recorded associations. We 
attempted to control for important confounders but 
some degree of residual confounding is possible. 
Additionally, although we were able to correct for several 
socioeconomic factors, we have not adjusted for 
antenatal alcohol consumption or smoking exposure, 
and therefore any possible confounding eﬀ ect of these 
factors has not been corrected for.
Use of 100% oxygen at birth is associated with worse 
outcomes than the use of room air in infants who are 
resuscitated,28,29 possibly because of free-radical injury 
and pulmonary atelectasis. Infants in this study were 
born in the early 1990s when 100% oxygen was the only 
gas connected to resuscitation equipment in the study 
centres. Therefore resuscitated infants were probably 
exposed to high partial pressures of oxygen for longer 
periods than infants would be today. The proportion of 
the association between resuscitation and IQ that might 
be attributable to hyperoxic damage, secondary to the 
resuscitation process itself, is unclear. Therefore, our 
ﬁ ndings might not be applicable to infants born in the 
present day.
Population studies are valuable to assess the eﬀ ect of 
hypoxia on cognitive function in childhood. Many of 
these studies use the Apgar score to measure hypoxia, 
but large interobserver variability has caused concern.7 
Data from our study showed a reduction in IQ in 
asymptomatic infants with a low Apgar score. This 
result is consistent with our previous study,4 in which 
asymptomatic infants with an Apgar score below 7 at 
5 min of age had an increased risk of a low IQ (n=176 524, 
odds ratio 1·35 [95% CI 1·07–1·69]). The IQ was 
measured as part of a compulsory examination at 
18 years of age, and, consequently, direct comparison 
with the WISC-III at 8 years of age is diﬃ  cult. 
Nevertheless, similar analysis with Apgar data gathered 
from ALSPAC participants provided a compatible, 
though less precise, result (n=6045, 1·34 [0·42–4·27]).
We are not aware of other studies that have shown an 
association between transient physiological compromise 
at birth and cognitive defects in subsequently healthy 
infants. Viggedal5 and Blackman6 and their colleagues 
have reported reduced cognition only in infants who 
developed symptoms of encephalopathy. However, 
these studies consisted of only 20 and 38 infants, 
respectively, and without signs of neurological function 
the statistical power was probably insuﬃ  cient to detect 
the modest association noted in this study.
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In our study, resuscitated infants with encephalopathy 
had a substantially increased risk of a low IQ score 
compared with both resuscitated infants who remained 
asymptomatic and the reference group. However, since 
asymptomatic infants were more common than those 
with encephalopathy, they would have a larger population 
eﬀ ect if a causal relation exists between resuscitation and 
the risk of a low IQ score.
In the ALSPAC cohort, infants who received resuscitation 
but did not develop symptoms of encephalopathy had an 
increased risk of a low IQ score at age 8 years. If this were 
a causal relation, it could account for about one in 30 adults 
who have a low IQ, which is a larger proportion than is 
attributable to the infants who develop encephalopathy. 
These ﬁ ndings are consistent with a cerebral injury of 
suﬃ  cient severity to delay respiration, but insuﬃ  cient to 
cause obvious symptoms of encephalopathy. Our results 
support the idea of a continuum of reproductive casualty.1 
Education and training interventions targeted at obstetric 
and neonatal staﬀ  improve measures of birth condition,30 
and the identiﬁ ed association could have important 
population beneﬁ ts if it is shown to be causal. Physiological 
compromise before or during birth could damage areas of 
the brain that are critical for speciﬁ c cognitive functions.
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